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$EVWUDFW² $SSOLFDWLRQVRIWKHXQOLFHQVHG*+]EDQGLQFOXGH
LQGRRU ZLUHOHVV ORFDO DUHD QHWZRUNV RXWGRRU VKRUW UDQJH
FRPPXQLFDWLRQVDQGRQERG\QHWZRUNV7RFKDUDFWHULVHWKHUDGLR
FKDQQHOIRUVXFKDSSOLFDWLRQVDQRYHOGLJLWDOFKLUSVRXQGHUZLWK
SURJUDPPDEOH EDQGZLGWKV XS WR  *+] ZLWK VZLWFKHG WZR
WUDQVPLWFKDQQHOVDQGWZRSDUDOOHOUHFHLYHFKDQQHOVIRU0XOWLSOH
,QSXW0XOWLSOH2XWSXW0,02PHDVXUHPHQWVZDVUHDOLVHG)RU
ZDYHIRUP GXUDWLRQV RI  V'RSSOHUPHDVXUHPHQWV FDQ EH
SHUIRUPHGXS WR+] IRU WKHVLQJOH WUDQVPLWDQG WZRUHFHLYH
FRQILJXUDWLRQRU+]IRU0,02PHDVXUHPHQWV,QWKLVSDSHU
ZH SUHVHQW WKH DUFKLWHFWXUH RI WKH VRXQGHU DQG GHPRQVWUDWH LWV
SHUIRUPDQFHIURPEDFNWREDFNWHVWVDQGIURPPHDVXUHPHQWVRI
UPV GHOD\VSUHDGSDWKORVVDQG0,02FDSDFLW\LQDQLQGRRUDQG
DQ RXWGRRU HQYLURQPHQW )RU  G% WKUHVKROG WKH UPV GHOD\
VSUHDG IRURI WKHPHDVXUHG ORFDWLRQV LVHVWLPDWHGDWQV
DQGQVIRUWKH LQGRRUDQGRXWGRRUHQYLURQPHQWVUHVSHFWLYHO\
0,02 FDSDFLW\ FORVH WR WKH LLG FKDQQHO FDSDFLW\ IRU  E\ 
FRQILJXUDWLRQLVDFKLHYHGLQERWKHQYLURQPHQWV
,QGH[7HUPV² &KLUS)0&:IUHTXHQF\VZHHS0,02PP
ZDYHSDWK ORVV35%6SURSDJDWLRQ UPV GHOD\VSUHDG VRXQGHU
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+(  *+] EDQG KDV DWWUDFWHG PRUH LQWHUHVW LQ UHFHQW
WLPHVGXHWRWKHODUJHDYDLODEOHEDQGZLGWKZLWKWKH,785
UHFRPPHQGLQJIRXU*+]ZLGHFKDQQHOVFHQWUHGRQ
*+] *+] *+] DQG *+] WKXV HQDEOLQJ
KLJKGDWDUDWHVDQGYLGHRVWUHDPLQJ$VLWIDOOVLQ WKHR[\JHQ
DEVRUSWLRQ EDQG WKH *+] EDQG DOVR IDFLOLWDWHV IUHTXHQF\
UHXVHDQGFRYHUWFRPPXQLFDWLRQVXFKDVIRURQERG\QHWZRUNV
IRU WKHGLVPRXQWHGVROGLHU ,QDGGLWLRQ WKHVPDOOZDYHOHQJWK
HQDEOHV WKH XVH RI EHDPIRUPLQJ ZLWK PXOWLSOH DQWHQQDV WR
RYHUFRPH WKH KLJKHU SDWK ORVV 7KLV SURPSWHG WKH
GHYHORSPHQWRI,(((FVWDQGDUGIRUZLUHOHVVSHUVRQDO
DUHD QHWZRUNV DQG WKH ,((( DG VWDQGDUG IRU ZLUHOHVV
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35%6 EDVHG VRXQGHUV ZLWK YDU\LQJ FORFN UDWHV IURP 
0+]WR*+]ZLWKVLQJOHRUGXDOSRODULVHGDQWHQQDV>@
7KH IUHTXHQF\ VZHSW PHWKRG ZLWK YHFWRU QHWZRUN DQDO\VHUV
91$KDVEHHQXVHGHLWKHUZLWKXSDQGGRZQFRQYHUWHUV>
@ RU PRUH UHFHQWO\ ZLWK  *+] 91$¶V >@ 7KH 91$
SURYLGHV D UHDG\ WR XVH VROXWLRQ IRU VKRUW UDQJH DQG IRU RQ
ERG\ QHWZRUNV EXW LW VXIIHUV IURP D VORZ VZHHS UDWH ZKLFK
GRHV QRW FDSWXUH WKH WLPH YDULDELOLW\ RI WKH FKDQQHO DQG KDV
OLPLWHG UDQJH GXH WR WKH QHHG WR FRQQHFW FDEOHV WR WKH
WUDQVPLWWHUDQGWRWKHUHFHLYHU:KLOH WKHORVVGXHWRWKHXVHRI
5) FDEOHV DW  *+] FDQ EH FRPSHQVDWHG E\ WKH XVH RI DQ
DGGLWLRQDO DPSOLILHU WKH QRQOLQHDU SKDVH RI WKH FDEOHV RYHU
WKH VZHSW EDQGZLGWK DQG WKH SKDVH LQVWDELOLW\ GLVWRUW WKH
PHDVXUHG FKDQQHO UHVSRQVH $QRWKHU DSSURDFK LV WR XVH DQ
RSWLFDOILEUHFDEOHRYHUWKHOLQNWRIHHGWKHUHIHUHQFHVLJQDOWR
WKH UHFHLYHU >@ $Q DOWHUQDWLYH VRXQGLQJ ZDYHIRUP LV WKH
GLJLWDO IUHTXHQF\ VZHHS DW ERWK WKH WUDQVPLWWHU DQG WKH
UHFHLYHU ZLWK YDULRXV XS FRQYHUWHU VWDJHV DQG IUHTXHQF\
PXOWLSOLFDWLRQ >@
,Q WKLVSDSHUZHSUHVHQW WKH DUFKLWHFWXUHDQGPHDVXUHPHQW
UHVXOWV REWDLQHG ZLWK D FRPSDFW FKDQQHO VRXQGHU ZLWK 
WUDQVPLWFKDQQHOVVZLWFKHGDWWKHZDYHIRUPUHSHWLWLRQUDWHDQG
WZR SDUDOOHO UHFHLYH FKDQQHOV IRU ERWK VLQJOH DQWHQQD DQG
PXOWLSOH DQWHQQD PHDVXUHPHQWV LQ WKH  *+] EDQG 7KLV
SDSHU LV RUJDQLVHG DV IROORZV LQ VHFWLRQ ,, ZH GLVFXVV WKH
RYHUDOOGHVLJQFRQFHSWDQGFRPSDUHWKHSRVVLEOHDUFKLWHFWXUHV
RI FKDQQHO VRXQGHUV 6HFWLRQ ,,, JLYHV GHWDLOV RI WKH UHDOLVHG
VRXQGHU EORFNV DQG WKHLU SHUIRUPDQFH DQG VHFWLRQ ,9
GHVFULEHVWKHRYHUDOOSHUIRUPDQFHZLWKEDFNWREDFNWHVWV:H
DOVR SUHVHQW UHVXOWV RI UPV GHOD\ VSUHDG IURP PHDVXUHPHQWV
SHUIRUPHGLQDQLQGRRUDQGDQRXWGRRUHQYLURQPHQWSDWKORVV
FRHIILFLHQWDQG0,02FDSDFLW\JDLQV
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7KH UHTXLUHPHQWV RI D YHUVDWLOH FKDQQHO VRXQGHU LQ WKH
PLOOLPHWHU ZDYH EDQG ZLWK PXOWLSOH VZLWFKHG WUDQVPLW
DQWHQQDV IRU YDULRXV PHDVXUHPHQWV LQFOXGLQJ RQERG\
QHWZRUNV GLFWDWH WKDW WKH WUDQVPLWWHU DQG UHFHLYHU XQLWV DUH
SRUWDEOH DQG WKDW VZLWFKLQJ DQG5)FDEOHSKDVH LQVWDELOLW\ DW
 *+] DUH DYRLGHG 2WKHU UHTXLUHPHQWV DUH WKH WLPH GHOD\
UHVROXWLRQWKHPD[LPXP'RSSOHUVKLIWDQGWKHVDPSOLQJUDWH
IRU GDWD DFTXLVLWLRQ )RU KLJK GDWD UDWH DSSOLFDWLRQV DQG RQ






RUGHU RI  FPZKLFK FRUUHVSRQGV WR *+] EDQGZLGWK
2QH PHWKRG WR JHQHUDWH WKH UHTXLUHG KLJK EDQGZLGWK LV WR
FRQFDWHQDWHWHQ0+]IUHTXHQF\VHFWLRQVDVLQ>@
7KHPDMRULW\RI WKHUHSRUWHGVRXQGHUV LQ WKH*+]EDQG
XVH WKH 35%6 WHFKQLTXH ZLWK FORFN UDWHV UDQJLQJ IURP 
0+]>@WR*+]>@DQGXVHHLWKHUDVOLGLQJFRUUHODWRUWR
DFKLHYH EDQGZLGWK FRPSUHVVLRQ DV LQ >@ RU D KLJK VSHHG
GLJLWLVLQJ VFRSH DV LQ >@ $Q DOWHUQDWLYH LV WR XVH D GLJLWDO
IUHTXHQF\ VZHHS JHQHUDWHG XVLQJ D GLUHFW GLJLWDO IUHTXHQF\
V\QWKHVLVHU '')6 DV LQ >@ 7KXV IDU WKH KLJKHVW
UHSRUWHG UHVROXWLRQ LV  QV > @ ,Q WKLV SDSHUZH SUHVHQW D
WZR E\ WZR0,02 VRXQGHU ZLWK GLUHFW GRZQ FRQYHUVLRQ WR
EDVHEDQGZLWKD KLJKSURJUDPPDEOHEDQGZLGWKXS WR*+]
DQGKLJKUHSHWLWLRQUDWH ,Q WKLVVHFWLRQZHEULHIO\RXWOLQH WKH






%7 ௖݂ LV WKH FDUULHU IUHTXHQF\ DQG WKH SOXV VLJQ LQGLFDWHV D
IUHTXHQF\LQFUHDVH
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ZKHUH߱௖ ൌ ߨʹ ௖݂
7KHUHFHLYHGVLJQDOFRQVLVWVRIWKHVXPRIDPSOLWXGHVFDOHG
DQG WLPH GHOD\HG UHSOLFDV UHSUHVHQWLQJ WKH PXOWLSDWK
FRPSRQHQWV DVLQ
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PXOWLSDWK FRPSRQHQW UHVSHFWLYHO\ DQG1 LV WKH WRWDO QXPEHU
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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7KLV UHVXOWV LQ WKH VXP DQG GLIIHUHQFH IUHTXHQFLHV ZKLFK
ZKHQ ORZ SDVV ILOWHUHG JLYHV WKH GLIIHUHQFH IUHTXHQF\ DV LQ
D7KLV VLPSOLILHV WR WKHH[SUHVVLRQ LQ E ZKLFKFDQEH
UHZULWWHQLQ DPRUHFRPSDFWIRUPDVLQF
൫ݏሺݐሻǤ ሻ൯௅௉ிݐோሺݏ ൌ





σ ௜ ሺʹݐݐ݇ߨ௜ ൅ ߱௖ݐ௜ െ ௜ݐ݇ߨ
ଶ ሻே௜ୀଵ E
൫ݏሺݐሻǤ ሻ൯௅௉ிݐோሺݏ ൌ
σ ௜ ሺʹݐݐ݇ߨ௜ ൅ ߮௜ሻ
ே
௜ୀଵ F
ZKHUH ௜ LV WKH GHWHFWHG DPSOLWXGH RI WKH L
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FRPSRQHQWWDNLQJLQWRDFFRXQWWKHRYHUDOOJDLQLQWKHUHFHLYHU
DQG߮௜ ൌ ߱௖ݐ௜ െ ௜ݐ݇ߨ
ଶ
7KLVJLYHVWKHVXPRI1EHDWQRWHVZKHUHWKHEHDWQRWHIRU
WKHLWK PXOWLSDWKFRPSRQHQWKDVDIUHTXHQF\ ௜݂ோ HTXDOWRNWL DV
LQ





VZHHSV RU HTXLYDOHQWO\ WR WKH WLPH GHOD\ RI WKH IDUWKHVW
PXOWLSDWKFRPSRQHQWDQG WKH VZHHS UDWH7KXV WKH WHFKQLTXH
HQDEOHV EDQGZLGWK FRPSUHVVLRQ DW WKH UHFHLYHU ZKLFK
IDFLOLWDWHVWKHVRXQGLQJZLWKWKHGHVLUHG*+]EDQGZLGWKIRU
ILQH WLPH GHOD\ UHVROXWLRQ 7KH :DYHIRUP 5HSHWLWLRQ




7KH IUHTXHQF\ VZHHS FDQ EH JHQHUDWHG XVLQJ DQDORJXH
WHFKQLTXHV ZLWK YROWDJH FRQWUROOHG RVFLOODWRUV 9&2 GLJLWDO
WHFKQLTXHV XVLQJ '')6 LQ SURJUDPPDEOH VWHSV RU K\EULG
WHFKQLTXHV ZLWK D '')6 GULYLQJ D SKDVH ORFNHG ORRS >@
7KH '')6 JHQHUDWHV WKH IUHTXHQF\ LQ VWHSV ο݂ +] LQ οݐ
VHFRQGVZKLFK LV UHODWHG WR WKH FORFN UDWH RI WKH V\QWKHVLVHU
DQG WKH DUFKLWHFWXUH RI WKH SKDVH DFFXPXODWRU 7KH HIIHFW RI






WKH ZDQWHG VLJQDO >@ 7KH DPSOLWXGH TXDQWLVDWLRQ LV
GHWHUPLQHG E\ WKH QXPEHU RI ELWV LQ WKH GLJLWDO WR DQDORJXH




VZHHS UDWH N WKH IUHTXHQF\ VWHS VL]H DQG WKH FRPSUHVVHG
EDQGZLGWK E\ WKH PXOWLSOLFDWLRQ IDFWRU 1 7KLV JLYHV DQ
LQFUHDVHRIWKHXQZDQWHGFRPSRQHQWVE\DIDFWRURIʹͲ݈ܰ݃݋
6281'(5'(6,*17KH VRXQGHU FRQVLVWV RI WKUHHPDLQ
VXEPRGXOHVKRXVHGLQD8LQFK UDFNDVVKRZQLQ)LJ
RQH DW WKH WUDQVPLWWHU DQG RQH DW WKH UHFHLYHU DQG WZR
SRUWDEOHXQLWVIRUWKHILQDOXSFRQYHUVLRQWR*+]DVVKRZQ
LQ)LJ7KHRXWSXWVRIWKHUHFHLYHUDUHGLJLWLVHGZLWKDWZR
FKDQQHO  ELW$'& FDUGZLWK DPD[LPXP VDPSOLQJ UDWH RI
 0+] SHU FKDQQHO 7KH FDUG HQDEOHV WKH DFTXLVLWLRQ RI
FRQWLQXRXVORQJUHFRUGVRIGDWDDQGFDQEHIUHTXHQF\ORFNHG
WR WKH UXELGLXP IUHTXHQF\ VWDQGDUG ZLWK D WULJJHU LQSXW
V\QFKURQLVHG WR WKH VWDUW RI HDFK IUHTXHQF\ VZHHS IRU SRVW
SURFHVVLQJ
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WKH XQLW IURP LWV SRZHU VXSSO\ 7KH UHIHUHQFH GLVWULEXWLRQ
WDNHV WKH  0+] FORFN LQSXW IURP WKH 5XELGLXP DQG
JHQHUDWHVVHYHUDORXWSXWVDW0+]0+]0+]DQG
0+]WRSURYLGHUHIHUHQFHFORFNV WR WKHYDULRXVSKDVH ORFNHG




JHQHUDWH WKUHH LQWHUPHGLDWH IUHTXHQFLHV ,) DV LOOXVWUDWHG LQ
)LJD7KHVHFRQGPRGXOHFRQWDLQV WKH'')6DQG WKHILUVW
XSFRQYHUWHU WKDW FRYHUV WKH /7( EDQG DQG RQH RI WKH ,60
EDQGV*+],WKDVWZRFXVWRPGHVLJQHGSKDVHORFNHG
ORRSV3//WRJHQHUDWHWKH'')6FORFNDQGDVHFRQG3//WR
JHQHUDWH WKH FDUULHU IRU WKHXSFRQYHUWHU DW *+]DQG WZR
ILOWHUV 7KH '')6 LV D FRPPHUFLDO ERDUG WKDW LPSOHPHQWV D
GRXEOHDFFXPXODWRUDVLQHORRNXSWDEOHDQGKDVDELWKLJK
VSHHG '$& ,WV IUHTXHQF\ XSGDWH UDWH LV HTXDO WR WKH FORFN
IUHTXHQF\GLYLGHGE\ZKLFKHQDEOHVWKHJHQHUDWLRQRIVKRUW
GXUDWLRQ VZHHSV RU HTXLYDOHQWO\ KLJK ZDYHIRUP UHSHWLWLRQ
UDWHVIRUKLJK'RSSOHUFRYHUDJH7KH'')6KDVWKHFDSDELOLW\
RI HLWKHU WR IUHH UXQ RU WR EH V\QFKURQLVHG WR DQ H[WHUQDO
WULJJHU VLJQDO ZLWK SURJUDPPLQJ YLD D 86% LQWHUIDFH 7KH
'')6 DOVR DOORZV FOHDULQJ WKH UHVLGXDO SKDVH DW WKH VWDUW RI
HDFKVZHHSZKLFKJLYHVSKDVHFRKHUHQFHEHWZHHQVZHHSVIRU
'RSSOHUPHDVXUHPHQWV
7KH WKLUG PRGXOH VKRZQ LQ )LJ D KDV D +LWWLWH
+0&06(IUHTXHQF\GRXEOHUWRJLYHDQRXWSXW IURP
*+]ZKLFKFRYHUVWKH&EDQGDQGWKH,60EDQGDW
*+] 7KH PXOWLSOLHU RXWSXW LV EDQGSDVV ILOWHUHG DQG WKHQ
PL[HG XVLQJ D 0DUNL 0LFURZDYH 0% PL[HU ZLWK D
*+]ORFDORVFLOODWRU/2WRJHQHUDWHWKH,)DW
*+]ZLWKDQRPLQDO OHYHORIaG%PDVVKRZQLQ)LJE
7KH  *+] /2 LV LPSOHPHQWHG XVLQJ D  *+] 3//
ZLWK  0+] UHIHUHQFH FORFN IROORZHG E\ WZR VWDJHV RI
IUHTXHQF\GRXEOHUV7KHILUVWGRXEOHUIURP*+]WR
*+]XVHVD0DUNL0LFURZDYH' IROORZHGZLWKDEDQG
SDVV ILOWHU D )LOWURQLF&% *+] WR*+] DQG DQ
DPSOLILHU&HOHULWHN6$7KLVLVIROORZHGE\DVHFRQG
GRXEOHU IURP  *+] WR  *+] XVLQJ D 0DUNL
0LFURZDYH ' GRXEOHU DQG D VHFRQG &HOHULWHN 6$
 DPSOLILHU  7KH RXWSXW LV WKHQ IHG WR D FLUFXODWRU WR
SURYLGHWKH,)IRUWKHSRUWDEOH5)PRGXOHV
3RUWDEOH  *+]0,02PRGXOHV $W WKH WUDQVPLWWHU WKH
*+]VLJQDOLVURXWHGYLDORZORVVSKDVHVWDEOHFDEOHV
WR WZR VHSDUDWH 6SDFHN /DEV$9;:; DFWLYH IUHTXHQF\
PXOWLSOLHUPRGXOHVYLDDWZRZD\3,1VZLWFKZKLFKKDVPRUH
WKDQ  G% RI FKDQQHO LVRODWLRQ (DFK WUDQVPLWWHU FKDQQHO
SURYLGHVDQDFWLYHSRZHUQRPLQDOO\G%PP:
$W WKH UHFHLYHU WKH  *+] VLJQDO LV VLPLODUO\
PXOWLSOLHG E\ D 6SDFHN /DEV$9;:; DFWLYH IUHTXHQF\
PXOWLSOLHUIROORZHGE\DG%PXOWLKROHGLUHFWLRQDOFRXSOHUWR
IRUPWKH/2IRUWKHGRZQFRQYHUVLRQPL[HUV7KHGLUHFWLYLW\




G% JDLQ DPSOLILHU ZLWK a G% QRLVH ILJXUH DQG WKH PL[HU
FRQYHUVLRQ ORVV LV a G% ,QFOXGLQJ LPDJH QRLVH WKH WRWDO
UHFHLYHUQRLVHILJXUHLVaG%
$ WRWDO PXOWLSOLFDWLRQ IDFWRU RI  IURP EDVHEDQG JLYHV D
PD[LPXP RI  *+] LQVWDQWDQHRXV EDQGZLGWK ZLWK  G%
GHJUDGDWLRQLQWKHOHYHORIWKHXQZDQWHGFRPSRQHQWV)RUWKH
FXUUHQW'')6WKHVZLWFKLQJVSHHGLVQVZKLFKJLYHVDQ




7KH3//¶V XVH GLJLWDO SKDVHIUHTXHQF\ FRPSDUDWRUVZKLFK
KDYHDSKDVHQRLVHIORRUSURSRUWLRQDOWRIUHTXHQF\7KHSKDVH
QRLVH GHJUDGDWLRQ GXH WR GLYLVLRQ ZLWKLQ WKH 3// LV
SURSRUWLRQDO WR WKH IUHTXHQF\ VTXDUHG >@ 6XEMHFW WR WKH
DFWXDOQRLVHIORRURIWKH5XELGLXP¶VUHIHUHQFHDW0+]DQG
WKHQRLVHSHUIRUPDQFHRIWKH3//GLJLWDOGHYLFHVWKHQHWSKDVH
QRLVH GHJUDGDWLRQ FDQ EH PLQLPLVHG E\ H[SORLWLQJ
PXOWLSOLFDWLRQ RI WKH UHIHUHQFH +HUH ZH KDYH EHHQ DEOH WR
H[SORLW WKLV WHFKQLTXH DW *+] XVLQJ D 0+] UHIHUHQFH
DQG DW  *+] ZLWK  0+] UHIHUHQFH WR JDLQ D QHW
LPSURYHPHQW LQ WKH SKDVH QRLVH RI a G% DQG a G%
UHVSHFWLYHO\ 7KH 3//V XVH UHODWLYHO\ ZLGH FORVHG ORRS
EDQGZLGWKV aN+]ZLWK KLJKSKDVHPDUJLQ aÛ7KLV




IURPEDFN WREDFN WHVWV WRHYDOXDWH WKH LVRODWLRQEHWZHHQ WKH
0,02 WUDQVPLW DQG UHFHLYH FKDQQHOV RYHUDOO SKDVH QRLVH
GHJUDGDWLRQ GXH WR WKH IUHTXHQF\ PXOWLSOLFDWLRQ DQG RYHUDOO
G\QDPLF UDQJH 7KH LVRODWLRQ EHWZHHQ WKH FKDQQHOV DQG WKH
SKDVH QRLVH ZDV HVWLPDWHG E\ UHSODFLQJ WKH '')6 VRXUFHV
ZLWKVLJQDOJHQHUDWRUVWRSURGXFHDFRQVWDQWFRQWLQXRXVZDYH
DW WKH RXWSXW RI WKH UHFHLYHU DW  0+] )LJ D VKRZV WKH
PHDVXUHG LVRODWLRQ EHWZHHQ WKH UHFHLYH FKDQQHOV WR EH LQ
H[FHVV RI  G% 6LPLODUO\ WKH RXWSXW IURP WKH UHFHLYHU
FKDQQHO ZKHQ WKH WUDQVPLWWHU RXWSXW FKDQQHOV DUH VZLWFKHG
ZDV IRXQG WR JLYH a G%RI WUDQVPLWWHU LVRODWLRQZKLFK LV
FRQVLVWHQW ZLWK WKH VSHFLILFDWLRQV RI WKH VZLWFK 7KH WRWDO
V\VWHPVLJQDOWRQRLVHUDWLRGXHWR SKDVHQRLVHLVVKRZQLQ)LJ
EWREHaG%DW+]EDQGZLGWK
7RPHDVXUH WKHRYHUDOO G\QDPLF UDQJHRI WKH VRXQGHU WKH
WUDQVPLWWHURXWSXWZDVFRQQHFWHGWRWKHUHFHLYHUYLDDFDVFDGH
RI IL[HG SURJUDPPDEOH DWWHQXDWRUV ZLWK  G% RYHUDOO
DWWHQXDWLRQUDQJH7KHVRXQGHUZDVSURJUDPPHGWRJHQHUDWHD
 *+] VZHHS LQ  V )LJ  GLVSOD\V WKH UHVXOWV IRU
WKUHH OHYHOVRIDWWHQXDWLRQ:LWKG%DWWHQXDWLRQEHWZHHQ
WKH WUDQVPLWWHU DQG UHFHLYHU WKH VLJQDO OHYHO GHWHFWHG DW WKH
LQSXW RI WKH UHFHLYHU LV a G%PZKLFK FRUUHVSRQGV WR WKH
RXWSXW RI WKH WUDQVPLW SRZHU RI G%P  G% DWWHQXDWLRQ
7KH VLJQDO WR QRLVH UDWLR 615 RI WKH VRXQGHU IRU WKLV







)LJ  3HUIRUPDQFH WHVWV RI WKH VRXQGHU D LVRODWLRQ EHWZHHQ WKH UHFHLYHU
XQLWVERYHUDOOSKDVHQRLVHLQ+]UHVROXWLRQEDQGZLGWK
GXH WR WKH LPSHUIHFWLRQV RI WKH V\VWHP¶V RYHUDOO UHVSRQVH
&RPSHQVDWLRQLQWKHIUHTXHQF\GRPDLQXVLQJFDOLEUDWLRQILOHV
FDQVLJQLILFDQWO\UHGXFHWKHVLGHOREHV)LJLOOXVWUDWHVWKDWWKH
FRPSHQVDWHG EDFN WR EDFN UHVSRQVH KDV D G\QDPLF UDQJH LQ
H[FHVVRIG%7KHGDWDZHUHFRPSHQVDWHGXVLQJDEDFN WR
EDFN ILOH RI D GLIIHUHQW DWWHQXDWLRQ OHYHO DQG IURP D ILOH
REWDLQHGLQFORVHSUR[LPLW\RYHUWKHDLUZKHQWKHWUDQVPLWDQG
UHFHLYHKRUQDQWHQQDVXVHGLQWKHPHDVXUHPHQWVZHUHSRLQWHG








RI G%LQ WKH+SODQHDQG G%LQ WKH(SODQH7KH
SHUIRUPDQFH RI WKH DQWHQQD DQG WKH FRXSOLQJ EHWZHHQ
DQWHQQDVDWWKHWUDQVPLWWHUDQGUHFHLYHUZHUHPHDVXUHGXVLQJD
*+].H\VLJKW91$ LQ WKH DQHFKRLF FKDPEHU DW'XUKDP
8QLYHUVLW\ 7KH PHDVXUHG 6 DQG 6 SDUDPHWHUV RYHU WKH
IUHTXHQF\UDQJHRILQWHUHVWDUHGLVSOD\HGLQ)LJDE
7KH6SDUDPHWHULVVHHQWREHEHWWHUWKDQG%ZKLFKLV

























DFFHSWDEOH SHUIRUPDQFH IRU 0,02 PHDVXUHPHQWV 7KH IRXU
DQWHQQD JDLQV ZHUH DOVR PHDVXUHG LQ WKH DQHFKRLF FKDPEHU
ZLWK WZR DQWHQQDV H[KLELWLQJ D JDLQ RI  G%L DQG WKH RWKHU
WZRDQWHQQDVDJDLQRIG%L
)LJ  DE ,QGRRUPHDVXUHPHQW HQYLURQPHQW FG RXWGRRU
PHDVXUHPHQWHQYLURQPHQW
)LJ VKRZV WKH WZRPHDVXUHGHQYLURQPHQWVZKHUH LQ WKH
LQGRRUHQYLURQPHQWWKHWUDQVPLWWHUXQLWZDVUDLVHGWRWKH
FHLOLQJ OHYHO RI DERXW  P DQG WKH UHFHLYHU DQWHQQD ZDV
PRXQWHG RQ WKH WUROOH\ DW a P 6LPLODU DQWHQQD KHLJKWV
ZHUH XVHG LQ WKH RXWGRRU HQYLURQPHQW 7KH LQGRRU
HQYLURQPHQWLVDQ/VKDSHGURRPZKLFKH[WHQGVXSWRaP
DQG KDV JODVVZLQGRZV WR RQH VLGHZLWK URXQG WDEOHV FKDLUV
DQG FRPSXWHUV 7KH RWKHU VLGH KDV SDUWLDOO\ JODVV IDoDGH DV
VHHQ LQ )LJ E$W WKH HQG RI WKH URRP D JODVV GRRU DQG D
ZLQGRZ VHSDUDWH WKH URRP IURP WKH FRUULGRU 7KH RXWGRRU
HQYLURQPHQWKDVEXLOGLQJVRQHLWKHUVLGHZLWKVWRUH\VDQ
RSHQ ZLGHU DUHD ZLWK EXLOGLQJV WR HLWKHU VLGH DQG D URXQG
VKDSHGEXLOGLQJZLWKJODVVIDoDGH DVVHHQLQ)LJFG'XULQJ
WKHVH PHDVXUHPHQWV WKH UHFHLYLQJ DQG WUDQVPLWWLQJ DQWHQQDV
ZHUHSRLQWHGWRZDUGHDFKRWKHU
)LJ DE GLVSOD\ WKH SRZHU GHOD\ SURILOHV IRU RQH RI WKH
ORFDWLRQV LQ WKH LQGRRU HQYLURQPHQW DQG WKH RXWGRRU
HQYLURQPHQWVUHVSHFWLYHO\7KHLQGRRUHQYLURQPHQWLVVHHQWR
H[KLELW VLJQLILFDQW PXOWLSDWK ZLWK D VWURQJ PXOWLSDWK
FRPSRQHQWDW DERXWQV LQGLFDWLQJDPUHIOHFWLRQDIWHU
WKHPDLQFRPSRQHQW6LPLODUO\)LJVDEGLVSOD\RQHRIWKH
0,02 FKDQQHOV YHUVXV GLVWDQFH IRU ERWK WKH LQGRRU DQG WKH
RXWGRRUHQYLURQPHQWV
7KH GDWD ZHUH DQDO\VHG WR HVWLPDWH WKH SDWK ORVV E\
HVWLPDWLQJ WKHUHFHLYHGSRZHUIURPWKHDUHDXQGHU WKHSRZHU
GHOD\ SURILOH WKH UPV GHOD\ VSUHDG WKH ZLGWK RI WKH SRZHU
GHOD\SURILOHDQGWKH0,02FDSDFLW\7KHGDWDIURPWKHIRXU
FKDQQHOVZHUHJURXSHGLQWRDVLQJOHGDWDSRROWRLQFUHDVHWKH
GDWD SRLQWV LQ WKH HVWLPDWLRQ RI WKH FXPXODWLYH GLVWULEXWLRQ






















LQGRRU RXWGRRU ,QGRRU RXWGRRU
    
    
    
WKDW WKH UPV GHOD\ VSUHDG YDOXHV IRU ERWK HQYLURQPHQWV DUH
FRPSDUDEOHIRURIWKHORFDWLRQVZLWKDQLQFUHDVHLQGHOD\
VSUHDG LQ WKH LQGRRU HQYLURQPHQW GXH WR WKH JODVV IDoDGH
ZKLFKFDXVHGDQLQFUHDVHLQWKHGHOD\VSUHDGIRUDQXPEHURI
WKHPHDVXUHGORFDWLRQV
7KH SDWK ORVV ZDV DOVR HVWLPDWHG IRU ERWK HQYLURQPHQWV
XVLQJ WKH OHDVW VTXDUH DOJRULWKP ZKLFK JDYH D SDWK ORVV
FRHIILFLHQWRIaIRUWKHLQGRRUHQYLURQPHQWDQGaIRUWKH
RXWGRRU HQYLURQPHQW VKRZQ LQ )LJ 7KH LQGRRU SDWK ORVV
FRHIILFLHQWLVFRQVLGHUDEO\VPDOOHUWKDQWKHIUHHVSDFHYDOXHRI





XVLQJ WKH QRUPDOLVHG FRPSOH[ IUHTXHQF\ UHVSRQVH+ RI WKH
0,02FKDQQHOREWDLQHGRYHUVHFRQG LQWHUYDODV LQ DQG
WKH UHVXOWV DUH GLVSOD\HG LQ )LJ  IRU ERWK HQYLURQPHQWV LQ
FRPSDULVRQWRWKHLGHDOLQGHSHQGHQWDQGLGHQWLFDOO\GLVWULEXWHG













ZKHUH1I LV WKHQXPEHURI IUHTXHQF\VXEFKDQQHOVQ5 DQGQ7
DUH WKH QXPEHU RI UHFHLYHU DQG WUDQVPLWWHU DQWHQQDV
UHVSHFWLYHO\ ,Q5 LV WKH LGHQWLW\PDWUL[ȡ LV WKH615GHW LV
WKH PDWUL[ GHWHUPLQDQW +L LV WKH Q5[Q7 QRUPDOLVHG PDWUL[




)RU HDFKPHDVXUHPHQW VQDSVKRW WKH FRUUHVSRQGLQJ0,02














YHULILHG WR KDYH D 615 LQ H[FHVV RI  G% IRU ERWK
HQYLURQPHQWV )RU  G% 615 WKH UHVXOWV VKRZ WKDW WKH
0,02 FDSDFLW\ LV  EV+] IRU WKH RXWGRRU HQYLURQPHQW
DQG  EV+] IRU WKH LQGRRU HQYLURQPHQW ZKLFK DUH IDLUO\
FORVH WR WKH LGHDO LLG FKDQQHO FDSDFLW\ RI  EV+] 7KH
FRUUHVSRQGLQJ6,62FDSDFLW\LVEV+]
,Q >@ WKH UPV SKDVH QRLVH RI WKHPHDVXUHPHQW V\VWHP LV
VKRZQWRHQKDQFH WKHHVWLPDWHG0,02FDSDFLW\7KH LPSDFW
RISKDVHQRLVHRQ0,02FDSDFLW\ZDVDOVRVWXGLHGLQ>@DQG
>@ IURP EDFN WR EDFN PHDVXUHPHQWV DQG LQ DQ DQHFKRLF
HQYLURQPHQW ,Q >@ WKH UPV YDOXH RI SKDVH QRLVH ZDV
HVWLPDWHG WR EH R ZLWKLQ WKH PHDVXUHPHQW WLPH DQG ZDV
FRQVLGHUHG DSSURSULDWH IRU WKH HVWLPDWLRQ RI0,02 FDSDFLW\
IRUGLIIHUHQWDQWHQQDFRQILJXUDWLRQV6LPLODUO\WKHUPVYDOXHV
RISKDVHQRLVHRIWKHSUHVHQWHG0,02FKDQQHOVRXQGHUZHUH
HVWLPDWHG LQ DQ DQHFKRLF HQYLURQPHQW VLQFH WKH WZR WUDQVPLW
DQG SDUDOOHO UHFHLYH FRQILJXUDWLRQ GRHV QRW SHUPLW WKH
VLPXOWDQHRXV EDFN WR EDFN PHDVXUHPHQW RI DOO IRXU WUDQVPLW
DQG UHFHLYH FRPELQDWLRQV 7KH UPV SKDVH QRLVH IRU WKH IRXU
0,02FKDQQHOVZDVWKHQHVWLPDWHGWREHRRR DQG
R ZKLFK DUH FORVH WR WKH YDOXHVREVHUYHG LQ >@ DQG ORZHU
WKDQWKHR DQGR YDOXHVFRQVLGHUHGLQ>@,Q>@WKHE\
0,02FDSDFLW\IRUD1/26LQGRRUHQYLURQPHQWZDVIRXQG
WREHFORVH WR WKH LLGFDVHZLWK ODUJHUGHYLDWLRQVREVHUYHG DV
WKH615 LQFUHDVHGZKHQ WKH QXPEHURI WUDQVPLW DQG UHFHLYH
DQWHQQDV LQFUHDVHG IURP  E\  $OWKRXJK LQ WKH
PHDVXUHPHQWVUHSRUWHGLQWKLVSDSHUWKHWUDQVPLWDQGUHFHLYH
DQWHQQDV ZHUH JHQHUDOO\ SRLQWHG WRZDUG HDFK RWKHU WKH






 *+] EDQG ZDV SUHVHQWHG DQG LWV SHUIRUPDQFH ZDV
GHPRQVWUDWHG LQ WHUPV RI SKDVH QRLVH G\QDPLF UDQJH DQG
LVRODWLRQEHWZHHQWKH0,02FKDQQHOV7KHVRXQGHUZDVXVHG
IRU LQGRRU DQG RXWGRRU PHDVXUHPHQWV WR HVWLPDWH FKDQQHO
SDUDPHWHUV VXFK DV UPV GHOD\ VSUHDG SDWK ORVV DQG 0,02
FDSDFLW\)XUWKHUHQKDQFHPHQWRIWKHVRXQGHUFDSDELOLW\WRWKH
KLJKHU IUHTXHQF\ EDQGV XS WR  *+] LV FXUUHQWO\ XQGHU





>@ 6 *XLOORXDUG * (O =HLQ DQG - &LWHUQ ³:LGHEDQG SURSDJDWLRQ
PHDVXUHPHQWV DQG'RSSOHU DQDO\VLV IRU WKH *+] LQGRRU FKDQQHO´
077,((( 6GLJHVWSS ±
>@ &5$QGHUVRQ DQG765DSSDSRUW³,Q%XLOGLQJZLGHEDQGSDUWLWLRQ
ORVV PHDVXUHPHQWV DW  DQG  *+]´ ,((( 7UDQV :LUHOHVV
&RPPXQLFDWLRQV YROQRSS ± 0D\ 
>@ 7 =ZLFN 7- %HXNHPD DQG + 1DP ³:LGHEDQG FKDQQHO VRXQGHU
ZLWKPHDVXUHPHQWVDQGPRGHO IRU WKH*+] LQGRRU UDGLRFKDQQHO´
,(((7UDQV9HK7HFKQRO YROQRSS ±-XO
>@ 6 5DQYLHU - .LYLQHQ DQG 3 9DLQLNDLQHQ 0LOOLPHWHUZDYH 0,02
UDGLRFKDQQHOVRXQGHU,(((7UDQVRQ,QVWUXPDQG0HDVYROQR
SS±-XQ 
>@ 0 3HWHU: .HXVJHQ ³$ &RPSRQHQWEDVHG WLPH GRPDLQ ZLGHEDQG
FKDQQHOVRXQGHUDQGPHDVXUHPHQWUHVXOWVIRUWKH*+]LQFDELQUDGLR
FKDQQHO´(8&$3 SS ±
>@ - .LYLQHQ ³*+] ZLGHEDQG UDGLR FKDQQHO VRXQGHU´ ,((( 7UDQV
,QVWUXP0HDV YROQRSS ± 2FW 
>@ $3*$UL]D50OOHU ):ROOHQVFKOlJHU$6FKXO]0 (ONKRXO\
<6XQ6*OLVLF87UDXWZHLQ56WHSKDQ-0OOHU567KRPlDQG
0$ +HLQ ³ *+] XOWUDZLGHEDQG SRODULPHWULF 0,02 VHQVLQJ IRU
ZLUHOHVV PXOWLJLJDELW DQG UDGDU´ ,((( 7UDQV $QWHQQDV 3URSDJDW
YROQRSS±$SU
>@ 3 ) 0 6PXOGHUV DQG $ * :DJHPDQV ³)UHTXHQF\GRPDLQ
PHDVXUHPHQW RI WKH PLOOLPHWHU ZDYH LQGRRU UDGLR FKDQQHO´  ,(((
7UDQV,QVWUXP0HDVYROQRSS±'HF
>@ 0 .\U| HWDO ³6WDWLVWLFDO FKDQQHO PRGHOV IRU  *+] UDGLR
SURSDJDWLRQ LQ KRVSLWDO HQYLURQPHQWV´ ,((( 7UDQV $QWHQQDV
3URSDJWYROQRSS ±0DU
>@ 0.\U| ³5DGLRZDYHSURSDJDWLRQDQGDQWHQQDV IRUPLOOLPHWHUZDYH





>@ / 7DOEL DQG - /H%HO %URDGEDQG *+] VRXQGHU IRU SURSDJDWLRQ











PHDVXUHPHQW DFFXUDF\´ ,Q 3URF 97&)DOO  ,((( WK
 SS ±
>@ $ 7DSDUXJVVDQDJRUQ DQG - <OLWDOR ³&KDUDFWHULVWLFV RI VKRUWWHUP
SKDVH QRLVH RI 0,02 FKDQQHO VRXQGLQJ DQG LWV HIIHFW RQ FDSDFLW\
HVWLPDWLRQ´ ,((( 7UDQV RQ ,QVWUXP DQG0HDV YRO  QR  SS
±-DQ 
